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SYNTHESIS OF OPTICALLY ACTIVE 
CYCLOHEXYLPHENYLGLYCOLATE ESTERS 



Field of the Invention 
The present invention relates to a method for resolving cyclohexylphenyl 
5 glycolic acid and the preparation of optically active phenylcyclohexylglycolate 
esters. 

Background of the Invention 
Cyclohexylphenyl glycolic acid (also referred to herein as "CHPGA") is used 
as a starting material for manufacturing compounds that have important biological 

10 and therapeutic activities. Such compounds include, for example, oxphencyclimine, 
oxyphenonium bromide, oxypyrronium bromide, oxysonium iodide, oxybutynin (4- 
diethylamino-2-butynyl phenylcyclohexylglycolate) and its metabolites, such as 
desethyloxybutynin (4-ethylamino-2-butynyl phenylcyclohexylglycolate). The 
important relation between stereochemistry and biological activity is well known. 

15 For example, the (*S)-enantiomers of oxybutynin and desethyloxybutynin have been 
shown to provide a superior therapy in treating urinary incontinence, as disclosed in 
U.S. Patent Nos. 5,532,278 and 5,677,346. The (R) enantiomer of oxybutynin has 
also been suggested to be a useful drug candidate. [Noronha-Blob et aL, J. 
Pharmacol Exp. Ther. 256, 562-567 (1991)]. 

20 Racemic CHPGA is generally prepared by one of two methods: (1) selective 

hydrogenation of phenyl mandelic acid or of phenyl mandelate esters, as shown in 
Scheme 1; or (2) cyclohexyl magnesium halide addition to phenylglyoxylate as 
shown in Scheme 2. 
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Scheme 1. 




R is hydrogen or lower alkyl. 



Scheme 2. 




Asymmetric synthesis of individual enantiomers of CHPGA has been approached 
along the lines of Scheme 2, by Grignard addition to a chiral auxiliary ester of 
glyoxylic acid to give a diastereomeric mixture of esters. In addition, multiple step 
asymmetric synthesis of (i?)-CHPGA from fD>arabinose using Grignard reagents 
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has been reported. In general, simple primary alkyl or phenyl Grignard (or 
alkyllithium) reagents are used for the addition, and the addition of inorganic salts 
(e.g. ZnCy appears to increase the diastereoselectivity of the products. 

As outlined in Scheme 3 below, the simple chiral ester wherein R* is the 
5 residue of a chiral alcohol, can be directly converted to chiral drugs or drug 
candidates by trans-esterification (R'=acetate), or hydrolyzed to yield chiral 
CHPGA (R'=H). 

Scheme 3 




10 (S) or (i?)-Oxybutynin 

While the aforementioned asymmetric synthetic methods are adequate for 
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many purposes, the chemical yields are in some cases poor, and the stereoselectivity 
is not always high. Also, the chiral auxiliary reagents that give good yields and 
higher stereoselectivity are often quite expensive. Thus, these processes are often 
cost prohibitive for use in commercial scale production of chiral pharmaceutical 
compounds. 

A potential alternative to asymmetric synthesis is resolution of racemic 
CHPGA. This has been accomplished on an analytical scale using resolving agents 
such as ephedrine, quinine, and (+) and (-)-amphetamine. However, such resolving 
agents are expensive, making known processes for resolution as impractical as 
known asymmetric syntheses. In addition, resolution processes using these agents 
provide poor stereoselectivity. The poor stereoselectivity necessitates multiple 
recrystallization steps to isolate the single CHPGA enantiomer, which adds to the 
production costs of chiral pharmaceuticals made from these precursors. Therefore, 
a need exists for a more efficient and economic method for preparing the single 
enantiomers of CHPGA on a commercial scale. 

As shown above in Scheme 3, separated enantiomers of CHPGA can be 
esterified to produce (S) and (7?)-oxybutynin. Such a process was reported by 
Kachur et al. in J.Pharmacol Exper. Ther. 247, 867-872 (1988) using the method 
of Mitsunobu. Briefly, the (R) and (S) enantiomers of oxybutynin were prepared by 
directly coupling the separated CHPGA enantiomers with 
diethylaminobutynol using diethyl azodicarboxylate and triphenyl phosphine as 
coupling reagents. However, the Mitsunobu reaction suffers from many 
disadvantages. For example, the aforementioned coupling reagents are quite 
expensive, and the reaction results in the formation of triphenylphosphine oxide, a 
by-product which is very difficult to remove. Thus, yield is often low, and extensive 
purification is needed to isolate the oxybutynin enantiomer. For these reasons, 
direct coupling using this prior art process is unattractive on a commercial scale. 

A more efficient and economic method for producing chiral oxybutynin and 
its related compounds on an industrial scale is therefore desirable. A preparative 
scale method for producing the enantiomers of CHPGA for use as precursors, as 
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10 



15 



well as a more convenient and inexpensive method for subsequent esterification 
would meet this need. Such methods should provide high purity compounds in high 
chemical yields with few processing steps, making them practical for use in the 
commercial production of optically active oxybutynin and related compounds. 



The above need is satisfied, the limitations of the prior art overcome, and 
other benefits realized in accordance with the principles of the present invention, 
which in one aspect relates to a process for the resolution of racemic 
cyclohexylphenyl glycolic acid (CHPGA) into its individual enantiomers having 
formulae I, and I s . 



The process of the invention for preparing a single enantiomer of 
cyclohexylphenyl glycolic acid comprises: 

(a) providing a solution comprising racemic cyclohexylphenyl glycolic acid 
and a single enantiomer of tyrosine methyl ester; 

(b) driving a salt of primarily one diastereomer out of solution; 

(c) separating the diastereomeric salt from the solution; and 

(d) liberating the single enantiomer of cyclohexylphenyl glycolic acid from 
the diastereomeric salt. 

In another aspect, the invention relates to the diastereomeric salts, (S)- 
cyclohexylphenyl glycolic acid ^-tyrosine methyl ester salt and (i?)-cyclohexylphenyl 
glycolic acid Z)-tyrosine methyl ester salt, which crystallize when 
L-tyrosine methyl ester or £>-tyrosine methyl ester, respectively, is combined with 



Summary of the Invention 
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racemic cyclohexylphenyl glycolic acid in the above process. 

In another aspect, the invention relates to a process for preparing a single 
enantiomer of structure (II) 




5 (II) 

wherein R 1 is chosen from the group of hydrogen or -CH 2 R 2 , wherein R 2 is chosen 
from the group of azide, hydroxy, halo, or -NR 3 R 4 , wherein R 3 and R 4 are each 
independently lower alkyl, benzyl or methoxybenzyl . The synthetic method 
directly couples an enantiomer of CHPGA with a propargyl alcohol derivative to 
10 produce a single enantiomer of a propargyl ester of cylclohexylphenylglycolate. The 
method comprises: 

(a) activating the carboxy group of a single enantiomer of cyclohexylphenyl 
glycolic acid to form an activated carboxy compound; and 

(b) adding.to the activated carboxy compound a sidechain propargyl alcohol 
15 derivative of structure (HI) 

HO 




OH) 

wherein R 1 is as previously defined to produce the single enantiomer of 
structure (EE). When it is desired that one or both of R 3 and R 4 be 
20 converted to hydrogen, the product of the condensation of CHPGA with the 

butynol in which one or both of R 3 and R 4 is benzyl or methoxybenzyl may 
be deprotected by treatment with a-chloroethyl carbonochloridate. 
In yet another aspect, the invention relates to the preparation of the 
hydrochloride salt of a single enantiomer of structure (II) above, in which R 1 is 
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-CHjR 23 and R 2 * is -NR 3 R 4 . The process comprises preparing the single enantiomer 
of structure (II) according to the method set forth above, then separating the 
organic solvent containing the single enantiomer of structure (II) from the reaction 
mixture. The organic solvent is then exchanged with ethyl acetate to produce an 
5 ethyl acetate solution containing the single enantiomer of structure (II). The ethyl 
acetate solution is then concentrated and dried to contain about 20-25% by weight 
single enantiomer of structure (JS) and ^ 0.3% by weight water. Methyl /-butyl 
ether is then added to provide an ethyl acetate/t-butyl ether solution, wherein the 
concentration of the single enantiomer of structure (II) is reduced by about one 

10 third. A mixture of HC1 in ethanol is added to the ethyl acetate/t-butyl ether 
solution to form a hydrochloride salt of the single enantiomer of structure (II). 

In yet another aspect, the invention relates to the preparation of a single 
enantiomer of structure (II) using the aforementioned coupling process in which the 
single enantiomer of cyclohexylphenyl glycolic acid of structure-jOO is obtained using 

15 the resolution process outlined above. 

In another aspect, the invention relates to intermediates of the formulae: 




wherein R 5 is alkyl or alkenyl of one to ten carbons. Preferably R 5 is isobutyl. Both 
intermediates are useful in the preparation of optically pure isomers of CHPGA 

20 esters, such as oxybutynin. 

Advantages of the present resolution process over the prior art include; 
higher efficiency, fewer processing steps, and a more readily available resolving 
agent. Previous resolution processes utilizing ephedrine as the resolving agent, for 
example, require a multi-step crystallization process to obtain (S)-CHPGA (e.g., 98- 

25 99% ee). The overall yield of these steps is approximately 30%. The process 

described herein using an enantiomer of tyrosine methyl ester gives a 42% yield of 
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99% ee diastereomer in a single resolution step. (Note that the theoretical 
maximum yield for a resolution of a racemate is 50%.) In addition, the use and 
transport of ephedrine and its derivatives have come under increasing scrutiny by 
the DEA and other world drug enforcement agencies in recent years, driving up the 
5 price and making availability of bulk supplies unreliable. No such regulatory 

restrictions apply to L-tyrosine or its derivatives. Similar advantages accrue to the 
salts of D-glucamine, D-//rreo-2-amino-l-(4-nitrophenyl)-l,3-propanediol, 1,2- 
diaminocyclohexane and 2-phenylglycinol, but the tyrosine methyl ester salts are 
preferred. 

10 The advantages of the present synthetic method for producing oxybutynin 

and its analogs over the prior art methods include: a one step process from chiral 
CHPGA without isolation of any intermediates* and an improvement in yield and 
quality over the transesterification process shown in Scheme 3. The process can 
also be used to produce a variety of analogs not available through transesterification 

15 or alkoxy radical couplings. 

Detailed Description 
The graphic representations of racemic, ambiscalemic and scalemic or 
enantiomerically pure compounds used herein are taken from Maehr, J. Chem. Ed. 
62, 1 14-120 (1985): solid and broken wedges are used to denote the absolute 

20 configuration of a chiral element; wavy lines indicate disavowal of any 

stereochemical implication which the bond it represents could generate, commonly a 
racemic mixture; and wedge outlines and dotted or broken lines denote 
enantiomerically pure compounds of indeterminate absolute configuration. Thus, 
for example, formula (I) is intended to encompass both of the enantiomerically pure 

25 cyclohexylphenyl glyeolic acids: 
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o 



OH 



OH 



means 




O 



OH 



OH and 




OH 



0) 



The term "enantiomeric excess" is well known in the art and is defined for a 
5 resolution of ab -> a + b as 



The term "enantiomeric excess" is related to the older term "optical purity" in that 



0 to 100, zero being racemic and 100 being pure, single enantiomer. A compound 

which in the past might have been called 98% optically pure is now more precisely 
10 described as 96% ee.; in other words, a 90% e.e. reflects the presence of 95% of 

one enantiomer and 5% of the other in the material in question. 

"Alkyl", as used herein, refers to saturated hydrocarbon residues containing 

twenty or fewer carbons in straight or branched chains, as well as cyclic structures. 

"Lower alkyl" is 6 or fewer carbons. "Alkenyl", as used herein, refers to 
15 hydrocarbon residues containing twenty or fewer carbons in straight or branched 

chains, as well as cyclic structures having at least one degree of unsaturation. 

"Lower alkenyl" is 6 or fewer carbons. The term "% by weight" is interchangeable 

with and has the same meaning as '*wt %". The term "equiv.", as used herein, refers 

to molar equivalents. 

20 Unless otherwise indicated, the reactants and reagents used in the processes 

of the present invention described herein are readily available materials. Such 
materials can be conveniently prepared with conventional preparatory procedures or 
obtained from commercial sources. 




both are measures of the same phenomenon. The value of ee will be a number from 
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As outlined above, the present process for preparing a single enantiomer of 
cyclohexylphenyl glycolic acid comprises: 

(a) providing a solution comprising racemic cyclohexylphenyl glycolic acid 
and a single enantiomer of tyrosine methyl ester; 
5 (b) driving a salt of primarily one diastereomer out of solution; 

(c) separating the diastereomeric salt from the solution; and 

(d) liberating the single enantiomer of cyclohexylphenyl glycolic acid from 
the diastereomeric salt. 

In one embodiment, the solution of step (a) is accomplished by dissolving a mixture 
10 of racemic cyclohexylphenyl glycolic acid and a single enantiomer of tyrosine methyl 
ester in acetonitrile and water by heating to form a solution and step (b) is 
accomplished by allowing the solution to cool, whereby a salt of primarily one 
diastereomer crystallizes. Liberation of the single enantiomer of cyclohexylphenyl 
glycolic acid from the diastereomeric salt may be accomplished ; by adding the 

15 diastereomeric salt to a mixture of toluene and aqueous mineral acid. The resulting 
toluene solution may then be reduced in volume and cooled. The single enantiomer 
of cyclohexylphenyl glycolic acid product may then be filtered off. In addition, if 
desired, tyrosine methyl ester may be recovered. 

The aspect of the invention relating to a synthetic method for directly 

20 coupling an enantiomer of CHPGA with a propargyl alcohol derivative to produce a 
single enantiomer of a propargyl ester of cylclohexylphenylglycolate includes a step 
in which the carboxy group of a single enantiomer of cyclohexylphenyl glycolic acid 
is activated to form an activated carboxy compound. Methods for activating 
carboxyl toward displacement by alcohols are known in the art for preparing esters. 

25 However, since the starting material in this case contains an unprotected alcohol 

function, it is surprising that the activation and condensation can be carried out with 
sufficient specificity to provide a product which is not an intractable mixture of self- 
condensation products of the glycolic acid component. In the preferred 
embodiment of the invention, the single enantiomer of cyclohexylphenyl glycolic 

30 acid is reacted with an alkyl chloroformate in an organic solvent to form a mixed 
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anhydride; and a sidechain propargyl alcohol derivative of structure (HI) is added to 
the mixed anhydride. In a preferred embodiment, the alkyl chloroformate is 
isobutylchloroformate. 

(S) or (7?)-CYLOHEXYLPHENYL GLYCOLIC ACID VIA RESOLUTION 
5 The resolution process of the present invention provides an inexpensive and 

efficient method for preparing a single enantiomer from racemic CHPGA via the 
formation of the diastereomeric salt with (£) or (D) -tyrosine methyl ester, also 
referred to herein as "(£) or (Z>)-TME". The process consists of three parts, which 
are depicted and described below: Part 1: Preparation of (5)-CHPGA-(Z)-TME 

10 diastereomeric salt or (i?)-CHPGA-(D)-TME diastereomeric salt; Part 2: 

Preparation of (S) or (i?) CHPGA; and Part 3 - Recovery of (Z) or (£>)-tyrosine 
methyl ester. The ability to recover the resolving agent in high yield is an 
advantageous feature of the process of the invention. It greatly; reduces cost by 
allowing recycling of the resolving agent. 

15 For ease in understanding, the diastereomeric salt, (*S)-CHPGA-(Z)-TME, 

and the pure enantiomer (5)-CHPGA are depicted in the reactions below. 
However, the (R) enantiomeric series could instead be depicted and is similarly 
produced using the opposite enantiomer of TME. 

Part 1 : Preparation of (^-CHPGA-fZVTvrosine Methyl Ester Diastereomer Salt 



20 




(S, RyCHPGA (S)-CHPGA - (X)-TME 

(MW= 234.3) (MW = 429.5) 

For use in the process of Part 1, the racemic starting material, (S 9 i?)- 
cyclohexylphenyl glycolic acid (CHPGA) can be prepared by the process described 
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above, i.e. (1) selective hydrogenation of phenyl mandelic acid or of phenyl 
mandelate esters or (2) cyclohexyl magnesium halide addition to phenylglyoxylate. 
Mandelic acid and phenylglyoxylic acid, also known as benzoylfonnic acid, are 
commercially available. Phenyl mandelic acid may be prepared by Grignard addition 
5 of phenyl magnesium bromide to diethyl oxalate followed by hydrolysis. The (Z) 
enantiomer of tyrosine methyl ester is also readily available from commercial 
sources, as is (D)-tyrosine, which can then be esterified to produce (Z))-tyrosine 
methyl ester using conventional techniques, such as acid-catalyzed esterification 
with methanol. 

10 The diastereomer of the present process is produced by dissolving racemic 

CHPGA and an appropriate amount of an enantiomer of tyrosine methyl ester in a 
suitable solvent and then bringing about the insqlubilization of one diastereomer. 

v'- 

For example, racemic CHPGA and about 0.5 molar equivalents of ^-tyrosine 
methyl ester or (£>)-tyrosine methyl ester can be dissolved in a mixture of 

15 acetonitrile and water. When the solvent is about 10 wt % water in acetonitrile, 

solution may be achieved by heating, preferably by heating to reflux (approximately 
78° C). After heating the solution for a sufficient time to achieve complete 
dissolution, usually about 5 minutes at reflux, followed by cooling, preferably to 
about 0-5° C, the diastereomeric salt 0S)-CHPGA - (Z)-TME or (7?)-CHPGA - (£>)- 

20 TME, depending on the TME enantiomer used, crystallizes from solution. Better 
yields are obtained when the cooling temperature is maintained until crystallization 
of the diastereomer salt is complete, typically a period of about four hours. The salt 
crystals are then separated from the solution, for example by filtration. The 
crystalline product may be washed with solvent and dried. When the solvent is 

25 water/acetonitrile, drying under vacuum at about 40-50° C is effective. The mother 
liquor stream may be saved for later racemization and recovery of residual CHPGA. 
Racemization may be effected with aqueous mineral acids, particularly aqueous 
sulfuric acid in ethanol. 
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Part 2: Preparation of fffVCHPGA 
O 




o 



OH * GQ-TME Acidification ^ 
^ Extraction /^^^ *QH 




0S)-CHPGA - (Z)-TME (S)-CHPGA 

(MW = 429.5) (MW= 234.3) 

5 In Part 2, the CHPGA enantiomer produced, (S) or (i?)-CHPGA, is liberated from 
the diastereomeric salt. For the preparation of (5)-CHPGA, the (S)-CHPGA-(L)- 
TME salt from Part 1 is added to and dissolved to form a solution which is about 15 
wt % substrate in toluene. The solution is treated with an excess of dilute mineral 
acid, such as 1 . 1 equivalents of 0.5 M HC1 or H 2 S0 4 . Upon dissolution of the 

10 diastereomeric salt, essentially all the TME enantiomer is converted to the 

hydrochloride salt. The diastereomeric salt mixture may be heaied to about 40-50° 
C for about 10 minutes to facilitate dissolution of the solids. A phase split yields an 
aqueous solution containing (Z)-TME-HCl and an organic solution of (S)-CHPGA 
in toluene. The aqueous phase is separated from the organic solution and saved for 

15 recovery of the tryrosine methyl ester in Step 3 below. A common method of 
separation, which may be used throughout the processes described herein, is 
gravitational settling followed by drainage of the aqueous phase through a tap in the 
bottom of the reaction vessel. 

The toluene organic phase containing (6)-CHPGA may be washed a second 

20 time with mineral acid, as specified above, and heated. The organic phase and 

aqueous phase are then separated, and the aqueous phase is discarded along with 
the rag layer, i.e. the layer separating the two phases. The retained toluene organic 
phase is then preferably concentrated, typically by vacuum distillation, to a weight 
that is about 2. 1 to 2.3 times the weight of the diastereomeric salt originally present, 

25 followed by gradual cooling to 0-5° C to initiate crystallization of the single (S) 

enantiomer of CHPGA, as indicated by the formation of a thick slurry. The slurry is 
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cooled for at least an hour to ensure that crystallization is complete, then filtered to 
isolate (*S)-CHPGA. The (iS)-CHPGA cake is then dried under vacuum while 
heating to a temperature of about (40-45° C). 

Part 3 : Recovery of fXVTvrosine Methyl Ester 
5 The aqueous phase containing (Z)-TME-HC1 or (D>TME-HC1 saved from 

Part 2 is cooled, preferably to about 0-5° C. While maintaining the cooling 
temperature, the aqueous solution is titrated with 0.5M NaOH to a pH of 
approximately 9.0. Typically, a thin slurry will form as the TME enantiomer 
precipitates. The TME enantiomer is isolated by filtration, washing with deionized 
10 water, and drying under vacuum at a temperature of about (40-50° C). 

The resolution process of the present invention set forth above is illustrated 
by, but not limited to, the following example: 

Example 1 

Part 1 : Preparation of fSVCHPGA-fLVTyrosine Methyl Ester Diastereomer Salt 
15 A 2-liter reactor was charged with 100.0 g racemic CHPGA, 41.7 g (Z> 

TME (0.5 equiv.), 549.2 g CH 3 CN, and 54.8 g deionized water. The reaction 
mixture was heated to reflux at approximately 78° C for about 5 min. The solution 
was then cooled to a temperature between 0-5° C over a period of 2 hours and 
remained cooling (0-5° C) for about 2 hours. The solution was filtered to isolate 
20 the (6)-CHPGA-(Z)-TME diastereomeric salt, and the salt cake was washed with 
130 g chilled ( 0-5° C) CH 3 CN. The salt cake was dried in vacuo at 40-50° C , 
and the residual solvent remaining in the cake was < 0.5%. Yield = 77. 1 g (42. 1 
mole %); ee > 99.0% (S). 

Part 2: Preparation of fiSVCHPGA 
25 A 1000 mL reactor was charged with 77. 1 g (S)-CHPGA-(Z)-TME from 

Part 1, 447.0 g toluene, 339.2 g 0.5M HC1 (1.1 equiv.) and heated to 40-50°C 
while stirring until the solids dissolved (about 10 min). While maintaining the 
temperature at 40-50° C, the organic and aqueous phases separated after about 10 
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minutes. The phases were divided, and the aqueous (bottom) phase containing (LJ- 
TME-HC1 was saved for recovery in Part 3 below. Approximately 370 g aqueous 
phase was recovered. 

To the toluene organic phase an additional 169.6 g 0.5M HC1 (0.6 equiv.) 
5 were added, and the solution was heated to a temperature between 40-50° C while 
stirring for about 10 minutes. The toluene and aqueous phases were allowed to 
separate (-10 min.), while maintaining the temperature between 40-50° C. The 
phases were divided, and the aqueous (bottom) phase and rag layer were discarded. 
The organic phase was concentrated by vacuum distillation to a final weight 

10 of 168.0 g, then cooled to 0-5°C over a period of about one hour during which time 
a thick slurry formed spontaneously. Agitation was adjusted as necessary. The 
slurry was cooled at 0-5 °C for an additional one hour. The slurry was filtered to 
recover the (S)-CHPGA. the (*S)-CHPGA filter cake was dried in vacuo at 40-45° 
C , and the residual solvent remaining in the cake was < 0.2%. Afield = 35.8 g (85 

15 mole %); ee > 99.0%; chemical purity (% HPLC area) > 99.0%. 

Part 3: Recovery of (ZVTvrosine Methyl Ester 

A 2-liter vessel was charged with the aqueous phase saved from Part 2 (370 
g). The solution was cooled to 0-5 °C, and the cooling temperature was maintained 
while titrating with 0.5 M NaOH to a pH of 9.0 ±0.5 over approximately 30 min. A 
20 thin slurry formed as (L)-TME precipitated. The slurry was filtered, and the (L)- 

TME cake was washed with 1 54 g deionized water. The cake was dried in vacuo at 
40-50°C , and the residual solvent remaining in the cake was < 1 .0%. Yield = 30.5 
g (Z)-TME (87 mole %). 

(S) OR fflVOXYBUTYNIN AND RELATED COMPOUNDS 
25 VTA DIRECT COUPLING 

The synthesis of a single enantiomer of oxybutynin and oxybutynin analogs 

according to the present invention comprises coupling an enantiomer of 

cyclohexylphenyl glycolic acid with a propargyl alcohol derivative utilizing 

carboxylic acid activation. Optically active CHPGA may be prepared either by the 
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resolution process described above or by asymmetric methods. The present 
invention also provides a process for converting the aforementioned enantiomers of 
oxybutynin and oxybutynin analogs to their corresponding hydrochloride salts. 
The synthetic process consists of two reactions, which are depicted and 
5 described below: Part 1 : Formation of the Mixed Anhydride; Part 2: Formation of 
(S) or (R) oxybutynin and its related compounds. Again for ease in understanding, 
the (aS) enantiomeric series is depicted, although the (K) series is produced similarly. 

Part 1 : Formation of the Mixed Anhydride 




10 (5)-CHPGA Mixed Anhydride 

MW-234.29 

In Part 1, (S) or (R) cyclohexylphenyl glycolic acid (CHPGA) is reacted with an 
alkyl chloroformate in an organic solvent to form a mixed anhydride enantiomer, as 
shown above, which can then react to form the desired chiral product in Part 2 
15 below. 

It should be noted that, while mixed anhydrides are often employed for the 
synthesis of amides, their use for ester synthesis is quite unusual. It should also be 
noted that a surprising and unexpected aspect of the present process is that the 
mixed anhydride intermediate proceeds to a chiral product without affecting the 

20 tertiary carbinol of CHPGA, which would lead to impurity formation or 

racemization. One would expect reaction with an acyl halide at the benzylic 
hydroxyl resulting in the formation of a stable, but undesired compound, such as an 
ester. Alternatively, if the hydroxyl were activated (unintentionally) to form a good 
leaving group, as, for example, under acidic conditions, the dissociation of the 

25 leaving group would form a benzylic carbonium ion, leading to racemization. One 
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would therefore expect a loss in optical activity of the oxybutynin or the extensive 
production of by-products. Surprisingly, the present process produces a high purity 
product, and no racemization is observed. 

In the preparation of the mixed anhydride, two intermediates, in addition to 
5 the mixed anhydride shown above, were detected. The two were isolated and their 
structures were determined by NMR to be 




carbonate-anhydride A carbonate-acid B 

wherein R 5 was isobutyl. Both intermediates were smoothly converted to 



10 oxybutynin upon treatment with 4-N,N-DEB. 

The reaction is preferably carried out in an inert atmosphere, such as 
nitrogen or argon, and the reaction solution is stirred using conventional techniques. 
In the depiction above, isobutyl chloroformate (IBCF) is shown as the preferred 
alkyl chloroformate for reaction with (*S)-CHPGA forming the isobutyloxy mixed 

15 anhydride. However, other alkyl chloroformates, such as isopropenylchloroformate 
and 2-ethylhexylchloroformate, for example, may instead be used. The amount of 
alkyl chloroformate used in the reaction is preferably about 1.2 equivalents with 
respect to the CHPGA enantiomer. 

Preferably, the reaction proceeds in the presence of a tertiary amine (2.5 

20 equiv.), such as triethylamine (TEA), 4-iV^-dimethylaminopyridine (DMAP), 
pyridine, diisopropylethylamine, diethylmethylamine, N-methylpiperidine or N- 
methylmorpholine, which scavenges the HC1 produced. Organic solvents that may 
be used include, but are not limited to cyclohexane, heptane, toluene, 
tetrahydrofiiran (THF), ethylene glycol dimethyl ether (DME), diethoxy methane 

25 (DEM), and methyl /-butyl ether (MTBE). 
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Part 2: Formation of (S) or (7?VOxvbutvnin and its Analogs 




Mixed Anhydride (S)-Oxybutynin or Analog 

A sidechain propargyl alcohol derivative of formixla (EH), wherein R 1 is as 
5 previously defined, is added to the mixed anhydride contained in the reaction 
mixture to produce the single enantiomer of oxybutynin or analog thereof (II). 
About 1.3 equivalents of the formula (HI) compound relative to (S) or (i?)-CHPGA 
is sufficient. Typically, the reaction mixture is heated to reflux at a temperature of 
about 65-80° C, but more preferably about 70-75° C, until the reaction is complete, 

10 as determined by HPLC. 

Most preferably, the propargyl alcohol derivative of formula (HI) is a 4- 
amino propargyl alcohol derivative, wherein R 1 is represented as -CHjR 2 ; R 2 is - 
NR 3 R 4 ; and R 3 and R 4 are each independently lower alkyl, benzyl or methoxybenzyl. 
For example, the compound of formula (HI) is most preferably 4-A^-diethylamino 

15 butynol (4-iV^-DEB), where R 3 and R 4 are each ethyl. Reaction of the mixed 

anhydride with 4-JV^V-DEB produces the single enantiomer of oxybutynin, i.e. (S) 
or (i?)-4-diethylanrino-2-butynyl phenylcyclohexylglycolate. Another preferred 
embodiment is the reaction using an N-protected 4-Af-ethylamino butynol, such as 
N-ethyl-N-(4-methoxybenzyl)butynol, as the propargyl alcohol derivative and then 

20 cleaving the protecting group (by methods well known in the art) to produce (S) or 
(7?)-4-ethylamino-2-butynyl phenylcyclohexylglycolate, also known as 
desethyloxybutynin. In that case, R 3 is ethyl, and R 4 is converted to hydrogen in 
formula (HQ. Suitable protecting groups are described in Greene and Wuts 
Protecting Groups in Organic Synthesis. Second Edition Wiley, New York 1991, p. 
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362-371, which is incorporated herein by reference. In another preferred 
embodiment, the propargyl alcohol derivative of formula (EQ) is 
ethylmethylamino butynol, which results in the formation of (S) or (R)-4- 
ethylmethylamino-2-butynyl phenylcyclohexylglycolate. In this case, R 3 is ethyl, and 
R 4 is methyl. 

Other useful sidechain propargyl alcohol compounds in which R 1 is -CH^R 2 
are those wherein R 2 is azide, hydroxy, or halo. In addition, propargyl alcohol 
itself also known as 2-propyn-l-ol, may be reacted with the mixed anhydride. In 
this case, R 1 is hydrogen in formula (HI). 

4-iV^-Diethylamino butynol for use as the sidechain propargyl alcohol in 
the present invention may be prepared by reacting propargyl alcohol, 
paraformaldehyde, and diethylamine under standard Mannich conditions. Other 

■■r 

amino and alkyl amino propargyl alcohol derivatives of structure (HI) can be formed 
by the process disclosed in U.S. Patent No. 5,677,346. Briefly, a secondary amine, 
in which one or more substituents may be a protecting group, such as 7V-ethyl-4- 
methoxybenzenemethanamine for example, is reacted with propargyl alcohol and 
paraformaldehyde in the presence of cuprous chloride. After condensation with the 
activated CHPGA, the addition of a-chloroethyl carbonochloridate removes the 
protecting group. In this example, the 4-A r -ethylaminobutynyl ester is the ultimate 
product. The remaining propargyl alcohol derivatives for use in the present 
invention are commercially available or can be synthesized by methods known in the 
art. 

As stated above, the progress of the condensation of the mixed anhydride 
with the propargyl alcohol may be conveniently monitored by periodic HPLC 
analyses of the reaction mixture until the desired extent of conversion is reached. 
At >80% conversion, the reaction is preferably quenched by washing with 10-12% 
aqueous monobasic sodium phosphate and water. About 8.5 g of the phosphate per 
gram of enantiomeric CHPGA used is typical. After separation of the organic 
phase, the aqueous washes are then discarded. A final wash using deionized water 
may then be performed, sifter which the bottom aqueous phase is discarded. The 
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retained organic phase containing the enantiomer of structure (II) in solution with 
the organic solvent can then be concentrated to remove most of the solvent, 
typically by vacuum distillation. 

Formation of the Hydrochloride Salt 




OS)-Cbcybutynin or Analog (5)-Oxybutynin or Analog-HCl 

To promote crystallization, the organic solvent containing the enantiomer of 
oxybutynin or one of its arialogs (II) produced by the process outlined above (also 
referred to herein as "free base enantiomer (II)") is exchanged with ethyl acetate 
(EtOAc). Typically, the organic solvent is removed by vacuum distillation to 
contain about 20-25 wt % (S) or (R) enantiomer of structure (IT), which is based on 
the theoretical amount of free base (EQ formed from the coupling process above. 
Ethyl acetate is then added to obtain the original solution volume or weight. This 
step may be repeated substituting the removal of EtOAc for the organic solvent. 
The EtOAc solution may be filtered through a filtering agent, such as diatomaceous 
earth. The filter cake is washed with EtOAc as needed. 

The filtrate is then concentrated by vacuum distillation, for ©cample, to 
contain about 20-25 wt % (theoretical) of free base enantiomer (II) and <; 0.3 wt % 
water. To maximize product yield and purity and to encourage crystallization, most 
of the water should be removed from the solution. If the foregoing concentration 
processes are insufficient to reduce the water to <, 0.3%, the vacuum distillation 
may be repeated with fresh solvent or a drying agent, such as magnesium sulfate 
may be employed. Water content can be determined by KF (Karl Fisher method). 

Methyl f-butyl ethyl (MTBE) is then added to the concentrated EtOAc 
solution to a volume that reduces the concentration by weight of the free base 
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enantiomer (II) by about one third, or optimally to between about 6.5 and 8.5 wt%. 
The hydrochloride salt is then formed by the addition of HCI, while stirring. A 
slight excess of HC1 in ethanol, for example about LI equivalents of 35-40 wt % 
HCI, is generally sufficient. The temperature may be increased to 35-45° C. 
5 To initiate recrystallization, the solution may be seeded with the 

hydrochloride salt of the enantiomer of structure (II). After about an hour of 
stirring, which may be done at 35-45° C, a slurry forms. If the slurry is cooled to 
about 0-5° C and this temperature maintained for about two hours, filtration 
provides a very good recovery of the hydrochloride salt of the enantiomer of 

10 structure (II). The filter cake is typically a white to off- white crystalline solid, 

which can then be washed with ambient temperature methyl /-butyl ether (at least 
2.2 g MTBE per gram free base enantiomer (II)), followed by vacuum drying at 40- 
50° C. I 

The following example is illustrative, but the present inyention is not limited 

15 to the embodiment described therein: 

Example 2 

Preparation of fiSVOxvbulvnin-HCl 

A 3-neck round bottomed flask was charged with 50.0 g (S)-CHPGA (213.0 
mmol) and 780 g (1000 mL) cyclohexane under nitrogen. While stirring, 54 g 

20 triethylamine (2.5 equiv.) and 35 g isobutyl chloroformate (BBCF)(1.2 equiv.) were 
slowly added while maintaining the temperature at 20-30° C After about 0.5 hour, 
while continuing to stir the reaction mixture, 39.15 g 4-iV^-DEB (1.3 equiv.) were 
added, and the mixture was heated to 65 °C to reflux . Mixing continued at reflux 
until the formation of (S)-oxybutynin was complete by HPLC area nor m al i za t ion. 

25 Heating was discontinued, and the reaction mixture was cooled to between 

20-30° C. At this time, 425 g of 1 1.5% NaHJPCVHjO aqueous solution were 
added to the mixture, and the mixture was stirred for 10 min. Stirring was 
discontinued, and the organic and aqueous phases separated after about 15 minutes. 
The aqueous (bottom) phase was discarded. 425 g of 11.5% NaH^CVHjO 

30 aqueous solution were again added to the retained organic phase, and the mixture 
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was stirred for about 10 min. The phases were then permitted to separate, which 
took about 15 minutes. The aqueous (bottom) phase was again discarded. To the 
remaining organic phase, deionized water (400 g) was added. The mixture was 
stirred for about 10 min, followed by phase separation after about 15 minutes. The 
5 aqueous (bottom) phase was discarded. 

Cyclohexane was removed from the organic phase by vacuum distillation to 
about 350 g (~ 22 wt % (iS)-oxybutynin based on the theoretical amount (76.29 g) 
of (5)-oxybutynin free base formed). Ethyl acetate (EtOAc) was added to obtain 
the original solution volume of about 1000 mL (or about 83 Og), followed by 

10 vacuum distillation to 20-25 wt % (iS)-oxybutynin. EtOAc was then added a second 
time to a volume of about 1000 mL (or about 830g). The batch was then polish 
filtered through about 5.0 g CELITE® while washing the filter cake with EtOAc as 
needed. The filtered mixture was concentrated and dried by vacuum distillation to 
339 g (~ 22.5 wt % GS)-oxybutynin) and < 03 wt % water, as measured by KF. 

15 Based on the theoretical amount of (*S)-oxybutynin free base (76.29 g), 

methyl /-butyl ether was added to adjust the (S)-oxybutynin free base concentration 
to 8.0 wt % (953 g). With agitation, 23 g of 37 wt % HC1 in EtOH (1.1 equiv.) 
were slowly added to the solution, while maintaining the temperature between 20 
and 45° C. The temperature of the solution was then adjusted to 35-45° C, and the 

20 solution was seeded with about 500 mg (^-oxybutynin-HCl crystals (approximately 
10 mg of seeds per g (S)-CHPGA ). The temperature was maintained, and the 
solution was stirred for about one hour. A slurry formed, which was then cooled to 
0-5 °C over a minimum of 1 hour and held for 2 hours. The slurry was then filtered 
to recover the (iS)-oxybutynin-HCl. The filter cake was a white to off-white 

25 crystalline solid. After washing with MTBE (a minimum of 167.84 g MTBE (2.2 g 
MTBE/g (iS)-oxybutynin free base), the cake was dried in vacuo at 40-45 °C. The 
residual solvent remaining in the cake was < 0.5%. Dry weight = 57.9 g. Overall 
yield = 68.9%. 

Example 3 

30 Isolation of the two carbonate intermediates A and B 
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To a racemic mixture of cyclohexylphenylglycolic acid [CHPGA] (5.0 g, 
0.0213mol) in cyclohexane (100 mL) was added triethylamine (7.4 mL, 0.053mol) 
and isobutylchloroformate (5.5mL, 0.0426mol). The slurry was allowed to stir at 
ambient temperature for approximately 0.5 h, at which time the reaction was 
5 quenched with a 10% aq. NaHjPC^ (50 ml). The organic phase was separated from 
the aqueous phase and washed with 10% aq. NaHjPC^ (50mL) followed by DI 
water (50mL). The organic phase was dried over anhydrous MgS0 4 and 
concentrated in vacuo to afford a colorless oil. The product was purified by flash 
chromatography eluting with 95:5 hexane-EtOAc [Rf = 0.2] to afford pure 
10 carbonate-anhydride A. The structure was confirmed by l H and i3 C NMR, IR, in 
situ IR and MS. 

To a racemic mixture of cyclohexylphenylglycolic acid [CHPGA] (5.0 g, 
0.0213mol) in cyclohexan^ (100 mL) was added triethylamine (7.4 mL, 0.053mol) 
or preferably 1 -methyl piperidine (0.053mol), and isobutylchloroformate (3.3 mL, 

15 0.026mol). The slurry was allowed to stir at ambient temperature for approximately 
0.5 h, at which time the reaction was quenched with a 10% aq. solution of NaH 2 P0 4 
(50 mL) followed by DI water (50mL). The organic phase was dried over 
anhydrous MgSQ 4 and concentrated in vacuo to afford a colorless oil as a 4: 1 
mixture of A and B by HPLC. The crude product was purified by passing the 

20 mixture through a plug of neutral alumina. Compound A was eluted first using 

CHC1 3 B was then washed off the alumina with acetone and concentrated in vacuo 
to afford pure carbonate-acid B. The structure was confirmed by l H and l3 C NMR, 
IR, in situ ER and MS. 

While the invention has been particularly shown and described with 

25 reference to preferred embodiments thereof it will be understood by those skilled in 
the art that the present disclosure is to be considered as an exemplification of the 
principles of this invention and is not intended to limit the invention to the 
embodiments illustrated. 
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Claims 

We claim: 

1 . A method for obtaining a single enantiomer of cyclohexylphenyl glycolic 
acid of structure (I) 




00 - 

i 

said method comprising the steps of: 

(a) providing a solution comprising racemic cyclohexylphenyl glycolic acid 
and a single enantiomer of tyrosine methyl ester; 

(b) driving a salt of primarily one diastereomer out of solution; 

(c) separating said diastereomeric salt from said solution; and 

(d) liberating said single enantiomer of cyclohexylphenyl glycolic acid from 
said diastereomeric salt. 

2. The method according to claim 1, further comprising the step of recovering said 
tyrosine methyl ester. 

3. A method according to claim 1 comprising the steps of: 

(a) dissolving a mixture comprising racemic cyclohexylphenyl glycolic acid 
and a single enantiomer of tyrosine methyl ester in acetonitrile and water to 
form a solution; 

(b) allowing said solution to cool, whereby a salt of primarily one 
diastereomer crystallizes; 



-24- 



WO 00/23414 



PCT/US99/24721 



(c) separating said diastereomeric salt from said solution; and 

(d) liberating said single enantiomer of cyclohexylphenyl glycolic acid from 
said diastereomeric salt. 

4. The method of claim 1, wherein said liberating said single enantiomer of 
cyclohexylphenyl glycolic acid from said diastereomeric salt is accomplished by 
adding said diastereomeric salt to a mixture of toluene and aqueous mineral acid to 
form a toluene solution containing said single enantiomer of cyclohexylphenyl 
glycolic acid, reducing said toluene solution to about 2. 1 to 2.3 times the weight of 
diastereomeric salt originally present, cooling to 0-5 °C and filtering off said single 
enantiomer of cyclohexylphenyl glycolic acid. 

5. The method according to claim 1, wherein said single enantiomer of tyrosine 
methyl ester is Z-tyrosine methyl ester, and said single enantiomer of 
cyclohexylphenyl glycolic acid is the (S) enantiomer. 

6. (iS)-Cyclohexylphenyl glycolic acid L-tyrosine methyl ester salt. 

7. (i?)-Cyclohexylphenyl glycolic acid D-tyrosine methyl ester salt. 

8. A method for preparing a single enantiomer of structure (II) 




(H) 

wherein R 1 is chosen from the group of hydrogen or -CH 2 R 2 , wherein R 2 is chosen 
from the group of azide, hydroxy, halo, or -NR 3 R 4 , wherein R 3 and R 4 are each 
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independently lower alkyl, benzyl or methoxybenzyl; 
said method comprising the steps of: 

(a) activating the carboxy group of a single enantiomer of cyclohexylphenyl 
glycolic acid to form an activated carboxy compound; and 

(b) adding to said activated carboxy compound a sidechain propargyl 
alcohol derivative of structure (EH) 



HO 




(HQ 

wherein R 1 is as previously defined to produce said single enantiomer of 
structure (II). 

r 

A method according to claim 8 comprising the steps of: 

(a) reacting a single enantiomer of cyclohexylphenyl glycolic acid with an 
alkyl or alkenyl chloroformate in an organic solvent; and 

(b) adding to the product of step (a) a sidechain propargyl alcohol derivative 
of structure (HI) 



HO 




(HI) 

to produce said single enantiomer of structure (II). 



1 0. The method according to claim 9, wherein said single enantiomer of 
cyclohexylphenyl glycolic acid is the (iS)-enantiomer, said alkyl chloroformate is 
isobutylchloroformate, said sidechain propargyl alcohol derivative of formula (III) is 
4-A^-diethylamino butynol, and said single enantiomer of structure (II) is (S)-4- 
diethylamino-2-butynyl phenylcyclohexylglycolate. 
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11. The method according to claim 9, wherein said single enantiomer of 
cyclohexylphenyl glycolic acid is the (S) enantiomer, said alkyl chloroformate is 
isobutylchloroformate, said sidechain propargyl alcohol derivative of formula (IE) is 
4-A^-ethylmethylamino butynoL, and said single enantiomer of structure (II) is (S)- 
4-ethylmethylamino-2-butynyl phenylcyclohexylglycolate. 

12. The method according to claim 9, wherein said single enantiomer of 
cyclohexylphenyl glycolic acid is the (S) enantiomer, said alkyl chloroformate is 
isobutylchloroformate, said sidechain propargyl alcohol derivative of formula (EI) is 
N-ethyl-N-(4-methoxybenzyl)aminobutynol, and said single enantiomer of structure 
(II) is N-ethyl-N-(4-methoxyben2yl)aminobutynyl phenylcyclohexyl-glycolate, 

--T 

which is treated with a-cKloroethyl carbonochloridate to provide (#S)-4-ethylamino- 
2-butynyl phenylcyclohexylglycolate. 

13. A method for preparing the hydrochloride salt of a single enantiomer of 
structure (II) 




(H) 

wherein R 1 is -CH^R 2 *, R 2 * is -NR 3 R 4 , and R 3 and R 4 are each independently lower 
alkyl, benzyl or methoxybenzyl; said method comprising the steps of: 

(a) reacting a single enantiomer of cyclohexylphenyl glycolic acid with an 
alkyl chloroformate in an organic solvent; 

(b) adding to the product of step (a) a sidechain propargyl alcohol derivative 
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of structure (HI) 



HO 




R 



OH) 



wherein R 1 is as previously defined to produce said single enantiomer of 
structure (II) in a reaction mixture; 

(c) separating said organic solvent containing said single enantiomer of 
structure (II) from said reaction mixture; 

(d) exchanging said separated organic solvent with ethyl acetate to produce 
an ethyl acetate solution containing said single enantiomer of structure (II); 

(e) concentrating and drying said ethyl acetate solution to contain about 20- 
25% by weight said single enantiomer of structure (II) and ^ 0.3% by 
weight water; 

(f) adding methyl /-butyl ether to provide an ethyl acetate/t-butyl ether 
solution, wherein the concentration of said single enantiomer of structure 
(II) is reduced by about one third; and 

(g) adding a mixture of HCI in ethanol to the ethyl acetate/t-butyl ether 
solution to form a hydrochloride salt of said single enantiomer of structure 



14. A method for preparing a single enantiomer of structure (II) 



wherein R 1 is chosen from the group of hydrogen or -CH 2 R 2 , wherein R 2 is chosen 



(H). 




(H) 



-28- 



WO 00/23414 



PCT/US99/24721 



from the group of azide, hydroxy, halo, or -NR 3 R 4 , wherein R 3 and R 4 are each 
independently lower alkyl, benzyl or methoxybenzyl; 
said method comprising the steps of: 

(a) dissolving a mixture comprising racemic cyclohexylphenyl glycolic acid 
and a single enantiomer of tyrosine methyl ester in acetonitrile and water by 
heating to form a solution; 

(b) allowing said solution to cool, whereby a salt of primarily one 
diastereomer crystallizes; 

(c) separating said diastereomeric salt from said solution; and 

(d) liberating said single enantiomer of cyclohexylphenyl glycolic acid from 
said diastereomeric salt; 

(e) reacting said liberated single enantiomer of cyclohexylphenyl glycolic 
acid with an alkyl chloroformate in an organic solvent; and 

(f) adding to the product of step (e) a sidechain propargyl alcohol derivative 
of structure (EI) 




wherein R 1 is as previously defined, to produce said single enantiomer of 
structure (II). 

15. The method of claim 9, 13, or 14, wherein said alkyl chloroformate is 
isobutylchloroformate. 



-29- 



WO 00/23414 PCT/US99/24721 



16. A compound of formula 




wherein R 5 is alkyl or alkenyl of one to ten carbons. 

17. A compound according to claim 16 wherein R 5 is isobutyl. 



18. A compound of formula 




19. A compound according to claim 18 wherein R 5 is isobutyl. 
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